Introduction
The genus Gallerucida Motschulsky, 1861 is widespread in the Oriental and East Palaearctic regions, with highest species diversity in China. Of 66 valid species that were recognized by Wilcox (1971) , 43 species were recorded from China. A number of new and newly recorded species have been added recently to the Chinese fauna (Chen 1992 , Yang 1994a , 1994b . Currently, 60 species are recognized from China (Yang et al. 2015) . In addition, one additional species, Galluercida gebieni Weise, 1922 should be added to the Chinese fauna since it was removed from synonymy with G. singularis Harold, 1880 by Lee and Bezděk (2013) .
Adults within the genera Gallerucida Motschulsky, 1861 and Laphris Baly, 1864 are easily recognized by their projecting anterior metasterna that cover most of the mesosterna. Gallerucida adults can be separated from those of Laphris by the comparatively shorter antennomeres III (subequal or twice length of antennomeres II; by contrast antennomeres III are four times the lengths of II in Laphris). Adults of the genus Sphenoraia Clark, 1865 also look like those of Gallerucida and Laphris, but they can be distinguished easily by the absence of the projecting anterior process of the metasternum. Gallerucida nigromaculata (Baly, 1861) and G. singularis Harold, 1880 were firstly recorded from Taiwan by Chûjô (1935) together with description of a new species, G. nigrita (G. nigromaculata and G. nigrita were synonymized with G. bifasciata Motschulsky). Chûjô (1938) described a new species, G. sauteri Chûjô. Kimoto (1969) recorded G. flaviventris (Baly, 1861) and G. lutea Gressitt & Kimoto, 1963 for the first time and described a new species, G. shirozui Kimoto. Takizawa (1978) described a new species, G. quadraticollis Takizawa which was synonymized with G. sauteri Chûjô. Lee and Bezděk (2013) first listed G. gebieni Weise, 1922 from Kimen and Nankan islands. This brings the total to seven species reported from Taiwan to date.
Gallerucida bifasciata Motschulsky is an abundant species that is considered as biological control agent for invasive species of Polygonaceae (Ding et al. 2004; Wang et al. 2008; Wang et al. 2010) . However, others are little-known except for scattered original taxonomic descriptions.
The Taiwan Chrysomelid Research Team (TCRT) was founded in 2005 and is composed of 10 members. All of them are amateurs interested in producing a complete inventory of Chrysomelid species in Taiwan. Members of the genus Gallerucida have been collected and studied, and host plants recorded. Life histories for almost all species were documented by laboratory rearing. The results of these efforts are the subject of the current paper.
Materials and methods
For rearing studies, larvae were placed in small glass containers (diameter 142 mm × height 50 mm) with cuttings from their host plants. When mature larvae began searching for pupation sites, they were transferred to smaller plastic containers (diameter 90 mm × height 57 mm) filled with moist soil (about 80% of container volume).
For taxonomic study, the abdomens of adults were separated from the fore body and boiled in 10 % KOH solution, followed by washing in distilled water to prepare genitalia for illustrations. The genitalia were then dissected from the abdomen, mounted on slides in glycerin, and studied and drawn using a Leica M165 stereomicroscope. For detailed examinations a Nikon ECLIPSE 50i microscope was used. Diagnosis. Gallerucida bifasciata adults are easily recognized by their black bodies, with or without yellowish brown stripes, and strongly serrate antennae. Aedeagi of male endophallic sclerite complex is characterized by its short endophallic sclerite complex, and the median sclerite is similar to the lateral sclerite in length. By contrast, the endophallic sclerite complex is comparatively longer, and the median sclerite is much longer than the lateral sclerite in other species.
Redescription. Length 7.1-11.2 mm, width 4.2-6.0 mm. General color (Fig. 1A -C) black; elytra with three pairs of transverse, yellowish brown or orange stripes, one pair at baso-lateral angles curved inwards; second pair behind middle sinuate, expanding posteriorly at 1/3 and 2/3 distance between suture and lateral margins; third pair near apex curved inwards, expanding anteriorly at 1/3 and 2/3 distance between suture and lateral margins; lateral margin of abdomen yellowish brown. Antenna serrate in males ( Fig. 2A) , length ratios of antennomeres I-XI 1.0 : 0.4 : 0.5 : 1.3 : 1.2 : 1.1 : 1.1 : 1.1 : 1.1 : 1.1 : 1.3, length to width ratios of antennomeres I-IX 2.6 : 1.4 : 1.5 : 3.3 : 2.3 : 2.2 : 2.1 : 1.9 : 2.2 : 2.1 : 2.9; less serrate and shorter in females (Fig. 2B) , length ratios of antennomeres I-XI 1.0 : 0.4 : 0.5 : 0.9 : 0.9 : 0.9 : 0.9 : 0.9 : 0.9 : 0.8 : 1.1, length to width ratios of antennomeres I-IX 3.1 : 1.6 : 2.0 : 3.5 : 3.1 : 2.5 : 2.0 : 1.9 : 1.8 : 1.9 : 2.5. Pronotum transverse, 1.9× wider than long, disc convex, with indistinct depressions at sides, disc with microreculation, and extremely coarse, sparse punctures, and minute, sparse punctures between coarse punctures; lateral margin rounded; apical margin concave; basal margin convex. Elytra parallel-sided; 1.4× longer than wide, disc without micro-reticulation but with extremely coarse punctures arranged into striae, with minute punctures between coarse punctures. Penis (Fig. 2C, D) elongate, 5.8× longer than wide; parallel-sided; apex lanceolate; slightly curved in lateral view; ventral surface well sclerotized; endophallic sclerite complex (Fig. 2H ) small, about 0.3× as long as penis, composed of one median sclerite and one pair of lateral sclerites, median sclerite longitudinal, with dorsal process at apical 1/4, with dense setae along apical margin of dorsal process; lateral sclerites longitudinal and slightly longer than median, about 1.2× median sclerite, asymmetric, curved near apex, apices circular and with one acute tooth. Gonocoxae (Fig. 2F ) elongate, connected from base to apical 1/3, apices rounded, with dense elongate setae; base shallow bifurcate. Ventrite VIII (Fig. 2E) longitudinal, apex transverse, apical margin truncate; with dense short setae along apical margin; spiculum extremely slender. Receptacle of spermatheca (Fig. 2G ) strongly swollen; pump short but strongly curved; proximal spermathecal duct wide and deeply inserted into receptacle.
Variations. Kimoto (1965a) noted that specimens (Fig. 1F ) collected from Hokkaido and Northeast Honshu possess coarser punctures on the pronotum and elytra, and reticulate microsculpture on the pronotum, and treated them as G. bifasciata and G. consociata. Some individuals from North China possess the well-developed yellowish brown stripes on the elytra with several black spots (Fig. 1E) . By contrast, some specimens from Taiwan have the yellowish brown stripes completely reduced (Fig. 1D) (Lee and Cho 2006) . Its host specificity was examined by Wang et al. (2008) . Adults strongly preferred Fallopia japonica (=Polygonum cuspidatum), Persicaria perfoliata, and Polygonum multiflorum (=Fallopia multiflora).
Biology. Gallerucida bifasciata populations are presumably multivoltine. The following life cycle information is based on our (TCRT) observations (Lee and Cheng 2007). Females began to deposit an average of 20 eggs in single egg masses during mid-January. Eggs hatched in 11-14 days. The larvae (Fig. 3A) fed on leaves and the larval duration was 14-15 days. Mature larvae (Fig. 3B ) burrowed into the soil and Diagnosis. Gallerucida flaviventris adults are similar to those of G. shirozui Chûjô and G. thoracica Jacoby in possessing metallic elytra, but are easily recognized by their metallic pronota (yellow brown pronota with black spots in other species).
Redescription. See description of Sphenoraia chujoi Lee (2014) . Variation. Specimens from China are uniformly metallic blue (Fig. 4C ) but those from Taiwan are metallic green, bronze, or purple (Figs 4A, B, 5E, F).
Host plants. Polygonaceae: Polygonatum odoratum Docuce var. pluriflorum Ohwi (Yu et al. 1996) ; Vitaceae: Cayratia sp. (Yu et al. 1996) ; Parthenocissus tricuspidata (Sieb. & Zucc.) Planch. (Lee et al. 2016) .
Biology. Gallerucida flaviventris populations are presumably univoltine. The following life cycle information is based on our (TCRT) observations (Lee et al. 2016) . Females began to deposit an average of 80 eggs in single egg mass (Fig. 5A ) during late March. Eggs hatched in 11 days. The larvae (Fig. 5B ) fed on leaves and the larval duration was 14 days. Mature larvae (Fig. 5C ) burrowed into soil and built underground chambers for pupation. Duration of the pupal stage (Fig. 5D ) was 15-18 days. Newly emerged adults appeared during spring and were active (Fig. 5E-5F ) during summer and autumn. (Baly) . A Egg mass B Early instar larvae C Mature larvae D Pupa E Adult, typical form F Adult, color variation.
Remarks. When Lee (2014) Diagnosis. Gallerucida gebieni and G. singularis Harold adults are easily recognized by their reddish brown bodies and black spots behind humeral calli and elytral apices, but adults of G. gebieni possess only two black spots on the elytral apices ( Fig. 4H) (three spots in G. singularis (Fig. 4G) ).
Redescription. See Lee and Bezděk (2013 Diagnosis. Gallerucida lutea adults can be recognized by their yellowish brown bodies. Darker individuals of G. lutea may look like entirely black individuals of G. bifasciata, but the elytra of G. lutea possess extremely coarse punctures and minute punctures between coarse punctures and filiform antenna.
Redescription. Length 8.4-9.8 mm, width 4.7-5.9 mm. General color (Fig. 6A-B ) yellowish or reddish brown; antenna black except three basal antennomeres; tibiae and tarsi entirely black. Antenna serrate in male (Fig. 7A) , length ratios of antennomeres I-XI 1.0 : 0.4 : 0.6 : 0.9 : 0.8 : 0.9 : 0.9 : 0.9 : 0.9 : 0.9 : 1.2, length to width ratios of antennomeres I-IX 2.5 : 1.4 : 1.5 : 1.8 : 1.8 : 1.9 : 2.0 : 2.0 : 2.5 : 2.6 : 4.0; antennomeres IV-VII filiform and VIII-X serrate in female (Fig. 7B) , length ratios of antennomeres I-XI 1.0 : 0.4 : 0.5 : 0.7 : 0.6 : 0.7 : 0.7 : 0.6 : 0.6 : 0.6 : 0.8, length to width ratios of antennomeres I-IX 3.1 : 1.5 : 2.0 : 2.6 : 2.2 : 2.1 : 1.8 : 1.6 : 1.6 : 1.7 : 2.2. Pronotum transverse, 1.9× wider than long, disc convex, with oblique depressions at sides, medially abbreviated, disc without microreticulation, with extremely coarse, sparse punctures; lateral margin slightly rounded; apical margin concave; basal margin convex. Elytra parallel from base to basal 1/3, gradually widened towards basal 1/3, lateral margin serrate subapically; 1.4× longer than wide, disc without microreticulation but with extremely coarse punctures arranged into striae, with tiny punctures between strial punctures; dorso-ventrally flattened. Penis (Fig. 7C-D) elongate, 6.4× longer than wide; parallel-sided; abruptly widened from apical 1/3 to 1/6, apex circular; slightly curved at lateral view; ventral surface well sclerotized; endophallic sclerite complex (Fig. 7H ) large, about 0.6× as long as penis, composed of one median sclerite and one pair of lateral sclerites, median sclerite longitudinal, strongly curved near apex, with lateral process at apical 1/4, with dense setae along apical margin of lateral process; lateral sclerites longitudinal but much shorter, about 0.5× as long as median one, curved near apex, apices truncate or concave. Gonocoxae (Fig. 7F) wide, connected from base to middle, apices rounded, with dense elongate setae. Ventrite VIII (Fig. 7E) longitudinal, apex transverse, apical margin truncate; with dense short setae along lateral and apical margin; spiculum slender. Receptacle of spermatheca (Fig. 7G ) strongly swollen; pump short but strongly curved; proximal spermathecal duct wide and deeply inserted into receptacle.
Variation. Some individuals have black legs and bodies darker than usual (Fig. 6C) .
Host plant. Vitaceae: Vitis kelungensis Moriyama (Lee and Cheng 2010).
Biology. Gallerucida lutea populations are presumably univoltine. The following life cycle information is based on our (TCRT) observations (Lee and Cheng 2010) . Females began to deposit an average of 140 eggs in single egg masses (Fig. 8A) during April or May.
Eggs hatched in 9 days. The larvae (Fig. 8B ) fed on leaves and the larval duration was 11 days. Mature larvae (Fig. 8C ) burrowed into the soil and built underground chambers for pupation ( fig. 33E) . Duration of the pupal stage was 15-17 days. Newly emerged adults appeared during spring and were active (Fig. 8D) Diagnosis. Gallerucida sauteri adults may be recognized by the white elytra possessing black transverse stripes. Redescription. Length 5.8-7.8 mm, width 3.3-4.3 mm. General color (Fig. 6D -E) yellowish brown; antenna black except three basal antennomeres; elytra pale yellow or white, with wide transverse black band from base to basal 1/4, extending posterior at middle and truncate; sometimes median area of base reddish brown (Fig. 11E) , with one pair of transverse black bands at apical 1/3, interrupted by suture; legs yellow but tibiae and tarsi partly or entirely dark brown to black. Antenna slightly serrate in male (Fig. 9A) , length ratios of antennomeres I-XI 1.0 : 0.4 : 0.3 : 1.2 : 1.0 : 1.0 : 0.9 : 0.8 : 0.8 : 0.8 : 1.0, length to width ratios of antennomeres I-IX 3.2 : 1.4 : 1.2 : 3.5 : 2.4 : 2.6 : 2.5 : 2.2 : 2.5 : 2.5 : 3.3; filiform and shorter in female (Fig. 9B) , length ratios of antennomeres I-XI 1.0 : 0.4 : 0.4 : 0.9 : 0.8 : 0.8 : 0.8 : 0.7 : 0.6 : 0.6 : 0.7, length to width ratios of antennomeres I-IX 3.3 : 1.6 : 2.1 : 3.1 : 3.2 : 3.1 : 3.2 : 2.8 : 2.6 : 2.3 : 2.6. Pronotum transverse, 2.1× wider than long, disc convex, with oblique depressions at sides, medially abbreviated, disc with micro-reticulation but lacking punctures; lateral margin straight or slightly rounded; apical margin concave; basal margin convex. Elytra parallel from base to basal 1/3, gradually widened towards basal 1/3; 1.4× longer than wide, disc without micro-reticulation but with coarse punctures; dorso-ventrally flattened. Penis (Fig. 9C-D) elongate, 5.2× longer than wide; parallelsided; apex widely lanceolate; curved at lateral view; ventral surface well sclerotized; endophallic sclerite complex (Fig. 9H ) large, about 0.5× as long as penis, composed of one median sclerite and one pair of lateral sclerites, median sclerite longitudinal, strongly curved near apex, lateral sclerites longitudinal but slightly shorter, about 0.8× as long as median sclerite, strongly and apically curved, apices truncate or concave. Gonocoxae (Fig. 9F ) elongate, connected from near base to basal 3/5, apices rounded, with dense long setae; base wide. Ventrite VIII (Fig. 9E) longitudinal, apical margin truncate but medially depressed; with dense short setae along lateral and apical margin; spiculum extremely slender. Receptacle of spermatheca (Fig. 9G ) strongly swollen; pump short but strongly curved; proximal spermathecal duct slender and deeply inserted into receptacle.
Variation. The typical adult color pattern occurs in southern Taiwan (Fig. 10) . Populations in central Taiwan have a black band at the elytral base extending posterior and acute apically; black spots at apices well developed, widened and connected with each other. The latter forms were described as G. quadraticollis by Takizawa (1978) (Figs 6F, 11F ). Intermediate individuals were collected from Meiling [梅嶺] having anterior spots at the elytra similar to the typical form but posterior ones similar those of G. quadraticollis.
Host plants. Vitaceae: Tetrastigma formosanum (Hemsl.) Gagnep (Fig. 11A ) (Lee and Cheng 2010) .
Biology. Gallerucida sauteri populations are presumably multivoltine. The following life cycle information is based on our (TCRT) observations (Lee and Cheng 2010) . Females began to deposit an average of 20 eggs in single egg masses (Fig. 11B) during late March. Eggs hatched in seven days. The larvae (Fig. 11C) fed on leaves and the larval duration was 13 days. Mature larvae (Fig. 11D ) burrowed into soil and built underground chambers for pupation. Duration of the pupal stage was 10-11 days. Newly emerged adults appeared during spring and were active (Fig. 11E, 11F ) during summer and autumn.
Other material examined. TAIWAN. Nantou: 1♀ ( Distribution. Endemic to Taiwan.
Gallerucida shirozui Kimoto
Figs 12A-C, 13
Gallerucida shirozui Kimoto, 1969: 67 (Taiwan) Diagnosis. Gallerucida shirozui and G. thoracica Jacoby adults are easily recognized by their metallic elytra and reddish or yellowish brown pronota. Adults of Gallerucida shirozui differ from those of G. thoracica by possessing only one pair of black spots on the pronotum (two pairs in G. thoracica) and longer and more serrate antennae (shorter and filiform antennae in G. thoracica).
Redescription. Length 7.2-8.2 mm, width 3.8-5.2 mm. General color (Fig. 12A-C ) reddish brown; antenna black except three basal antennomeres; pronotum yellowish brown with one pair of black spots at sides, brown between black spots; elytra entirely metallic green; tibiae, and tarsi black; each abdominal ventrite with one pair of black spots at sides, sometimes expanding inwards and connected medially. Antenna serrate in males (Fig. 13A) , length ratios of antennomeres I-XI 1.0 : 0.4 : 0.4 : 1.2 : 1.0 : 1.0 : 1.0 : 0.9 : 0.9 : 0.9 : 1.1, length to width ratios of antennomeres I-IX 3.2 : 1.2 : 1.1 : 3.3 : 2.2 : 2.2 : 1.9 : 1.9 : 2.4 : 2.4 : 3.9; filiform and much shorter in females (Fig. 13B) , length ratios of antennomeres I-XI 1.0 : 0.4 : 0.4 : 0.8 : 0.8 : 0.7 : 0.7 : 0.7 : 0.6 : 0.6 : 0.8, length to width ratios of antennomeres I-IX 3.4 : 1.5 : 1.6 : 3.2 : 2.6 : 2.0 : 1.8 : 1.9 : 1.7 : 1.7 : 2.0. Pronotum transverse, 2.0× wider than long, disc convex, with oblique depressions at sides, medially abbreviated, disc with micro-reticulation and dense, coarse punctures; lateral margin straight or slightly rounded; apical margin concave; basal margin convex. Elytra parallel-sided; 1.4-1.6× longer than wide, disc without micro-reticulation but with dense, coarse punctures arranged randomly; dorso-ventrally flattened. Penis (Fig. 13C-D) elongate, 5.2× longer than wide; parallel-sided; apex widely lanceolate; straight but apically curved in lateral view; ventral surface well sclerotized; endophallic sclerite complex ( Fig. 13G ) large, about 0.6× as long as penis, composed of one median sclerite and one pair of lateral sclerites, median sclerite longitudinal, straight in lateral view, with dorsal processes at apical 1/5, with dense setae along apical margin of process, lateral sclerites longitudinal but much shorter, about 0.5× as long as median sclerite, strongly curved near apex, apices concave. Gonocoxae (Fig. 13H ) elongate, connected from base to basal 3/5, apices rounded, with dense elongate setae; base wide. Ventrite VIII (Fig. 13E) longitudinal, apical margin truncate but laterally membranous; with sparse short setae along and inside apical margin; spiculum extremely slender. Receptacle of spermatheca (Fig. 13F ) strongly swollen; pump short but strongly curved; proximal spermathecal duct slender and shallowly inserted into receptacle.
Variation. Females from southern Taiwan possess narrower antennae (length to width ratios of antennomeres I-IX 3.4 : 1.4 : 1.7 : 3.3 : 3.1 : 2.3 : 1.9 : 2.0 : 2.0 : 2.0 : 2.7) and reduced punctures on the pronota. (Fig. 4D-F) but those of G. singularis possess three black spots on the elytra apices (Fig. 4G) (two spots in G. gebieni (Fig. 4H) ).
Redescription. See Lee and Bezděk (2013) . Host plant. Polygonaceae: Polygonum chinense L. and Fallopia multiflora var. hypoleucum (Ohwi) Yonek. et H. Ohashi (Lee and Bezděk 2013) .
Biology. Gallerucida singularis populations are presumably multivoltine. Adults are found throughout the year. The natural history was described by Lee and Bezděk (2013) .
Distribution. China, Taiwan (only in Kinmen and Nankan islands). Figs 12D-F Redescription. Length 7.0-8.9 mm, width 3.8-5.0 mm. General color ( Figs 12D-F, 15C, 15D ) yellowish brown or reddish brown; antenna black except three basal antennomeres; vertex with one black spot; pronotum with two pairs of black spots at one transverse line; elytra entirely metallic green, or blue, or purple, apical halves of tibiae, and tarsi darker. Antenna filiform in males (Fig. 14A) , length ratios of antennomeres I-XI 1.0 : 0.4 : 0.5 : 0.8 : 0.7 : 0.7 : 0.7 : 0.6 : 0.7 : 0.7 : 0.6, length to width ratios of antennomeres I-IX 3.3 : 1.7 : 1.8 : 2.6 : 2.3 : 2.1 : 2.4 : 2.1 : 2.4 : 2.4 : 3.2; shorter in females (Fig. 14B) , length ratios of antennomeres I-XI 1.0 : 0.4 : 0.5 : 0.7 : 0.6 : 0.6 : 0.6 : 0.6 : 0.6 : 0.6 : 0.8, length to width ratios of antennomeres I-IX 3.5 : 1.8 : 2.0 : 2.6 : 2.3 : 2.2 : 2.2 : 2.0 : 2.1 : 2.0 : 2.9. Pronotum transverse, 2.1× wider than long, disc convex, with oblique depressions at sides, medially abbreviated, disc with micro-reticulation but lacking punctures; lateral margin straight or slightly rounded; apical margin concave; basal margin convex. Elytra parallel-sided; 1.5× longer than wide, disc without micro-reticulation but with coarse punctures arranged into longitudinal striae, and minute punctures between strial punctures; dorso-ventrally flattened. Penis (Fig. 14C-D) elongate, 5.0× longer than wide; parallel-sided; apex rounded; subapically curved in lateral view; ventral surface well sclerotized; endophallic sclerite complex (Fig. 14H ) large, about 0.7× as long as penis, composed of one median sclerite and one pair of lateral sclerites, median sclerite longitudinal, straight in lateral view, with dorsal processes at apical
Gallerucida thoracica (Jacoby)

